Mesoionic 4-trifluoroacetyl-1,3-oxazolium-5-olates 1 were easily prepared by the cyclodehydration reaction of N-acyl-N-alkyl-a a-amino acids with trifluoroacetic anhydride. Due to the presence of the trifluoromethyl ketone and the mesoionic five-membered oxazole, there are three reaction sites to be attacked by the nucleophiles at C-2, C-5 and the trifluoroacetyl group in 1. Based on this model, three modes of regioselective attack by phenylhydrazine were found to provide three different products, i.e., 6-trifluoromethyl-1,2,4-triazines 3, 3-trifluoromethyl-5-pyrazolones 5 and 5-trifluoromethyl-3-hydroxypyrazoles 4, in good yields, respectively, depending on the nature of the solvent and reaction temperature. These three types of different reactions may be explained by the polarity of the reaction solvent and the mesoionic oxazole-ketene tautomerism.
Trifluoromethyl-substituted heterocyclic compounds have received much attention due to their potential biological activities and will continue to play a significant role in medicine and agricultural chemistry as well as in material science. [1] [2] [3] [4] However, the facile introduction of the trifluoromethyl group into heterocyclic rings is limited, and the development of new practical methods remains a formidable task. Recently, such molecules have found outstanding applications in the pharmaceutical field, as illustrated by Celecoxib (antiarthritic) bearing a trifluoromethyl substituent on the pyrazole-ring, a recent drug used in the treatment of human diseases. 5) Therefore, much attention has been paid to the synthesis of trifluoromethyl-substituted pyrazoles due to their biological activities in the medicinal and agrochemical fields. [6] [7] [8] [9] [10] [11] [12] [13] In contrast to the trifluoromethylated pyrazoles, the 1,2,4-triazines, which possess trifluoromethyl groups, seem to be less known in the literature, although some trifluoromethylated 1,2,4-triazines have been developed as agrochemicals. 14, 15) In previous papers, we reported that mesoionic 4-trifluoroacetyl-1,3-oxazolium-5-olates 1 are useful synthons for the synthesis of trifluoromethyl substituted imidazoles by the reaction with amidines 16) or ammonia. 17) These reactions occur via the initial attack of the nucleophiles on the C-2 position of the ring. In line with this continuing interest, 18) we have undertaken an investigation of the reaction of 1 with the bisnucleophile such as phenylhydrazine (PH). Regioselective attacks by PH on mesoionic 4-trifluoroacetyl-1,3-oxazolium-5-olates 1 are found to be a function of the solvent and the reaction temperature. In principle, nucleophilic reagents can be expected to add to one of the three electrophilic centers at C-2, C-5 and COCF 3 in 1 (Chart 1). On this occasion, all three modes of attack leading to the addition products of type 2, 3 or 4 were found (Chart 1). We now present a full account of the reactions of 1 with PH 19) and the efficient synthesis of new trifluoromethylated heterocycles in the 1,2,4-triazine, 3-pyrazolone and 5-pyrazolone.
Results and Discussion
The mesoionic 4-trifluoroacetyl-1,3-oxazolium-5-olates 1 were generally obtained as colored (yellow) solids by the reaction of the N-acyl-N-alkyl-a-amino acids 2 with trifluoroacetic anhydride (Chart 2). Compounds 1 are the subject of a reaction with PH under a variety of reaction conditions.
Reaction of 1 with PH in N,N-dimethylformamide (DMF) We examined the reaction of 4-trifluoroacetyl-1,3-oxazolium-5-olates 1a-f with PH in DMF. The reaction was completed within 24 h at room temperature to afford the 6-trifluoromethyl-1,2,4-triazines 3 in good yields (Table 1) .
In general, the terminal nitrogen (N-2) of PH is more nucleophilic than the substituted nitrogen (N-1) in neutral media. 20) Thus, PH would attack at the C-2 position of 1 to produce an adduct 8 followed by the decarboxylation. Subsequently, the intramolecular cyclization of 9 leads to the product 3, as shown in Chart 3 (route A). The reaction appears to proceed via a mechanism similar to that described for the reaction of 1 and ammonia. 17) It is possible that in the highly polar DMF solvent, the mesoionic form of 1 is stabilized. This led to the attack mode by PH at C-2, which produced the product 3. These data are consistent with the previous molecular orbital (MO) study that N-nucleophiles attack at C-2 in the mesoionic oxazole 1 on the basis of the Hard and Soft Acids and Bases (HSAB) theory. 21) We have carried out, besides the reaction of 1 with PH, the reaction of 1 with other hydrazine derivatives, such as hydrazine hydrate, methylhydrazine, hydrazine carbamate or tosylhydrazine, leading to the 1,2,4-triazine derivatives 3 in moderate yields, as shown in Table 2 . On the other hand, the reaction of the semicarbazide with 1a afforded only the noncyclized semicarbazone 6b in 76% yield.
Reaction of 1 with PH in Benzene The reaction of 1a-d with PH in refluxing benzene solution afforded the 5-trifluoromethyl-3-hydroxyprazoles 4 in good yields. At elevated temperature, the mesoionic 1 is in equilibrium with the trifluoroacetylketenes 10. Similar ketene-type valence tautomers are often encountered during the cycloaddition of these mesoionic systems. 22) Thus, PH attacked at the ketene carbonyl of 10 and the subsequent intramolecular cyclization of 11 led to 12, as shown in Chart 3 (route B). In this case, the intermediates 12 and 13 were not isolated, thus showing that the dehydration of 12 followed by hydrolysis of the resulting amide 13 easily occurred under the adopted reaction conditions. The driving force of the dehydration is probably due to stabilization by the formation of an aromatic pyrazole derivative. 23, 24) The reason why the reaction of 1f affords the different products 5d and 6a is unclear. In the reaction of 1a with 4-methoxyphenylhydrazine instead of PH, 4c was also isolated in 74% yield.
Reaction of 1 with PH in 1,2-Dichloroethane Compounds 1 were treated with PH at rt in a 1,2-dichloroethane solution to give the 3-trifluoromethyl-5-pyrazolones 5. None of the 1,2,4-triazine derivative 3 was obtained in the reaction. The nucleophilic site in 1 was changed by the solvent polarity. Thus, the first step of the reaction consists of an attack at the trifluoromethyl ketone group by PH, as shown in Chart 3 (route C). The adduct 14 underwent intramolecular cyclization that led to the product 5. The reaction of 1d afforded 5d in only 14% yield and 4b was obtained as the main product in 55% yield. It is difficult to obtain a definitive explanation for the transformation.
Structural Determination of 3, 4 and 5 The structural determination of products 3, 4, and 5 were performed by spectral and analytical analyses. The 1 H-NMR spectrum of 3 exhibited the methylene signal of C-5 at around 3.4 ppm (d, Jϭ13 Hz) and 3.8 ppm (d, Jϭ13 Hz). In the 13 C-NMR spectra, the C-5 carbon atom appears at around 52 ppm and the C-6 carbon atom at around 79 ppm ( 2 J CF ϭ30 Hz). The carbon 
a) A: the reaction was done at room temperature for 24 h in DMF. B: the reaction mixture was refluxed for 2 h in benzene. C: the reaction was done at room temperature for 24 h in DCE. b) 4-Methoxyphenylhydrazine was used instead of phenylhydrazine. of CF 3 and the C-2 appear at around 123 ppm ( 1 J CF ϭ290 Hz) and 147 ppm, respectively. These 1 H-and 13 C-NMR data are similar to the data for the 4-hydroxy-1-methyl-2-phenyl-4-trifluoromethyl-4,5-dihydro-imidazole. 16) The structure of 4a was determined by the X-ray crystallography. 25) Compound 4a was treated with benzoyl chloride in the presence of pyridine to yield 7a in 87% yield (Chart 4). When compound 5a reacted with benzoic anhydride under reflux in benzene, compound 7e was obtained in 59% yield, which was formed by dehydration and benzoylation. Compound 7e was the regioisomer of 7a. Thus, these transformations confirmed the structure of 5a. The regioisomeric pyrazoles 7a and 7e have significantly different 13 C-NMR spectra as shown in Chart 5. The 13 C-NMR spectral data of 7a were similar to those of the 5-trifluoromethy-3-hydroxyl-1-phenylpyrazole.
26) The same was observed between 7e and 3-trifluoromethy-5-hydroxyl-1-phenyl-pyrazole 26) as shown in Chart 5.
Compound 4a was reacted with 4-methoxybenzoyl chloride in the presence of pyridine to yield 7b in 95% yield. On the other hand, the same reaction of 4a with 4-methoxybenzoyl chloride was done under Schotten-Baumann reaction condition to give a mixture of 7b and 7c in 9% and 17% yields, respectively. 4a and 5b were also treated with acetic anhydride in the presence of pyridine to yield 7d and 7f in 88% and 61%, respectively (Chart 4).
Conclusion
The selective synthesis of different products from the same materials by only selecting different reaction conditions is an interesting research topic for chemists. We observed three different types of ring-opening reactions followed by ringclosure of the mesoionic oxazoles 1. The reaction of 1 with PH affords a completely different product depending on the reaction solvent and temperature. With the application of different reaction conditions, the highly selective formation of 6-trifluoromethyl-1,2,4-triazines 3, 5-trifluoromethyl-3-hydroxypyrazoles 4 and 3-trifluoromethyl-5-pyrazolones 5 can be realized. Regioselective attacks by PH on the mesoionic 4-trifluoroacetyl-1,3-oxazolium-5-olates 1 are a function of the solvent and the reaction temperature. Due to the easy availability of the starting materials and synthetic potential of the trifluoromethyl substituted heterocycles, this methodology will show its utility in organic synthesis. Further studies in this area are being pursued in our laboratory.
Experimental
General Methods All melting points were determined using a Yanagimoto hot-stage melting point apparatus and are uncorrected.
1 H-NMR spectra were measured on either a JEOL JNM-PMX60SI or JNM-GSX500 spectrometer with tetramethylsilane (Me 4 Si) as an internal reference and CDCl 3 as the solvent. 13 C-NMR spectra were obtained on a JEOL JNM-GSX500 spectrometer (at 127 MHz). Both 1 H-and 13 C-NMR spectral data are reported in parts per million (d) relative to Me 4 Si. Infrared (IR) spectra were recorded on a JASCO IR810 spectrometer. Low-and high-resolution MS were obtained with a JEOL JMS-DX300 spectrometer with a direct inlet system at 70 eV. High-resolution (HR) ESI-MS of compound 6b was performed with a microTOF-Q (Bruker Daltonics) mass spectrometer using acetonitrile as a solvent. Elemental analyses were carried out in the microanalytical laboratory of Josai University. Standard work-up means that the organic layers were finally dried over Na 2 SO 4 , filtered, and concentrated in vacuo below 45°C using a rotary evaporator. 3-tert-Butyl-4-trifluoroacetyl-2-methyl-1,3-oxazolium-5-olate (1g) mp 120-121°C (mp 17) 120-121°C). General Procedure for the Reaction of 1 with PH in DMF Phenylhydrazine (162 mg, 1.5 mmol) was added to a solution of 1 (1 mmol) in dry DMF (5 ml) at 0°C and the mixture was stirred at rt for 24 h. The mixture was diluted with AcOEt (30 ml) and washed with 3% Na 2 CO 3 (20 ml), followed by brine (20 ml). After the standard work-up, the residue was purified by chromatography on silica gel with AcOEt-hexane (2 : 3). Trifluoromethyl-1,4,5,6-tetrahydro-4-methyl-3-phenyl-1,2,4-triazin-6-ol (3g) The procedure was the same as described above, except that phenylhydrazine was replaced with hydrazine: Yield 45%, mp 159-161°C (Et 2 O), IR (Nujol) cm Ϫ1 : 1620, 3000 (br), 3310; -6-trifluoromethyl-1,4,5,6-tetrahydro-1-methoxycarbonyl-4-methyl-1,2,4-triazin-6-ol (3k) The procedure was the same as described above, except that phenylhydrazine was replaced with methyl hydrazinocar General Procedure for the Reaction of 1 with PH in Benzene Phenylhydrazine (162 mg, 1.5 mmol) was added to a solution of 1 (1 mmol) in dry benzene (5 ml) at 0°C and the mixture was refluxed for 3 h. The mixture was diluted with AcOEt (30 ml) and washed with 3% Na 2 CO 3 (20 ml), followed by brine (20 ml). After the standard work-up, the residue was purified by chromatography on silica gel with AcOEt-hexane (2 : 3). 
2-(4-Bromophenyl)-4-trifluoroacetyl-3-methyl-1,3-oxazolium-5-olate (1d) mp 75-76°C (mp 17) 75-76°C).
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